, to membrane G proteins were not different in NT and HT cell lines. However, PAF-and mastoparan-stimulated binding of GTPyS to G proteins, which was fully PTX-sensitive, was 2.5-fold higher in HT than NT cell lines. These data suggest an enhanced receptor-mediated activation of PTX-sensitive G proteins despite unchanged receptor and G protein expression. Thus, this study not only suggests that enhanced signal transduction and cell proliferation are abnormalities in a certain group of patients with essential hypertension but also explains these findings as a result of an enhanced G protein activation in this common disorder.
Introduction
Approximately 30-50% of all patients with essential hypertension (EH)' display an enhanced activity of the Na+/H' exchanger (NHE) in blood cells ( 1, 2) . We reported recently that this enhanced NHE phenotype persists in Epstein-Barr virusimmortalized lymphoblasts after prolonged cell culture, suggesting that this abnormality is under genetic control (3) . We could rule out that this phenomenon is caused by an overexpression of the NHE-1 mRNA and also exclude a mutation in the NHE-1 gene. Moreover, we demonstrated that hypertensive (HT) cell lines, i.e., lymphoblasts obtained from subjects with EH and high NHE activity, proliferate distinctly faster upon serum stimulation than normotensive (NT) cells, i.e., lymphoblasts obtained from normotensive subjects with low NHE activity (3) . A more detailed analysis revealed that HT cell lines proceed faster through the cell cycle and are more often found in the G2/M phase than NT controls (4) . The high NHE activity is apparently not responsible for the enhanced proliferation of HT cell lines since these cells multiplied faster than NT cells over a broad range of external pH values, even at alkaline conditions, when NHE does no longer take part in intracellular pH regulation (4) . The serum-stimulated growth of NT and HT cell lines depended, at least in part, on pertussis toxin (PTX)-sensitive guanine nucleotide-binding regulatory proteins (G proteins) (4) . Since serum consists of an undefined mixture of various agonists and growth factors, we performed a detailed characterization of the intracellular signal transduction components and pathways in NT and HT cells using plateletactivating factor (PAF) as a well defined agonist of human lymphoblasts (5) (6) (7) (8) (9) . We report here that PAF stimulation of HT cell lines results in enhanced proliferation, Ca2+ mobilization, and formation of the second messenger, inositol 1,4,5-triphosphate (1P3), which is apparently due to 30 Ci/mmol) were from DuPont-New England Nuclear (Bad Homburg, Germany). The anti-a1 common antiserum AS 266 (10) was kindly provided by Dr. Karsten Spicher (Berlin, Germany).
Cell culture. The establishment of the cell lines has been described in full detail previously (3) . Briefly, individuals were selected on the basis of normal diastolic blood pressure and no family history of hypertension or of elevated diastolic blood pressure and at least one hypertensive parent. The second selection criterion was a constant low or high NHE activity in platelets and lymphocytes. For this purpose, we screened several normotensive and hypertensive individuals for NHE activity in platelets. We established two groups of hypertensive patients that could be distinguished based on high or low platelet NHE activity. The high NHE phenotype was only infrequently found in normotensive controls (11) . In a second round of selection, the patients with high NHE activity were investigated at least twice for their NHE activity in platelets, lymphocytes, and neutrophils. Only those normotensive controls and hypertensive patients which consistently displayed low or high NHE activity in independent measurements conducted over at least 2 mo were included in the study, i.e., their lymphocytes were immortalized with Epstein-Barr virus. Further details of these subjects have been published previously (3) . A total of 10 NT and 10 HT cell lines was established. Cells were routinely maintained in culture in RPMI 1640 medium supplemented with 2 mM L-glutamine, 100 U/mi penicillin, 100 mg/ml streptomycin, and 10% FCS. Passages were performed twice a week, and fresh cultures were established from the frozen stocks every 3-4 mo. For reasons of feasibility, six NT (8) .
Preparation of membranes. Cells seeded at a density of 1 X 106 cells/ml in serum-containing RPMI 1640 medium and grown for 1 d were harvested, washed twice in phosphate-buffered saline, resuspended in ice-cold lysis buffer (250 mM sucrose, 1.5 mM MgCl2, 1 mM ATP, 3 mM benzamidine, 1 mM phenylmethylsulfonyl fluoride, 2 yg/ml soybean trypsin inhibitor, and 20 mM Tris/HCl, pH 7.5), and homogenized by nitrogen cavitation. The cavitate was centrifuged at 2,500 g for 10 min, and a crude membrane fraction was obtained from the resulting supernatant by centrifugation at 100,000 g for 20 min. The resulting pellet was washed in a buffer consisting of 1 mM EDTA, 1 mM dithiothreitol, 3 (17) . Thereafter, cells were centrifuged for 3 min at 13,000 g, the supernatant was aspirated, the remaining cell pellet was solubilized in tissue solubilizer (Solvable; DuPont-New England Nuclear), and radioactivity was determined by liquid scintillation counting.
The fraction of the total binding which was displaceable by 1 OM unlabeled PAF was regarded as specific (17) . 
Results
Effect of PAF on cell proliferation and PAF receptor binding. First, we studied the effect of PAF on proliferation of six NT and six HT cell lines in serum-free medium. NT cells hardly proliferated, whereas a distinct rise in cell count was observed in HT cells upon stimulation with 0.1 uM PAF (Fig. 1 A) . The mean increase in cell count during 3 d of culture averaged to a factor of 1.3±0.3 in NT compared with 1.8±0.4 in HT cell lines (P < 0.05). This PAF-induced cell proliferation was partially, by -50%, prevented in cells pretreated with PTX (100 ng/ml for 24 h; data not shown). To study whether this enhanced PAF-induced proliferation in HT Finally, we studied whether receptor-induced G protein activation is different between NT and HT cell lines by measuring PAF-induced binding of GTPyS to permeabilized cells. In all HT cell lines studied, binding of GTPyS induced by PAF (0.1 /.zM) was distinctly enhanced compared with NT cells (Fig. 7 A). Whereas These findings led us to investigate in more detail the activation of PTX-sensitive G proteins in NT and HT cell lines. We determined an almost threefold enhanced, completely PTX-sensitive PAF-induced binding of GTPyS to HT cell lines, which is strongly suggestive of an enhanced activation of Gi-type heterotrimeric G proteins. Compatible findings were obtained after direct G protein stimulation with mastoparan-7, which was also completely PTX sensitive. Thus, NT and HT cell lines differ significantly with regard to activation of PTX-sensitive G proteins, and these differences could also explain the differences in agonist-evoked EP3 formation, Ca2" mobilization, and cell proliferation reported here and earlier. The G proteins involved most likely represent the Gi2 and Gi3 isoforms of PTX-sensitive G proteins because other PTX-sensitive G proteins, e.g., Gil or Go are not expressed in B lymphoblasts (30) . Two major reasons could explain the enhanced G protein activation in HT cell lines. First, the expression of PTX-sensitive G proteins could be enhanced in these cells, or, second, the activation of PTXsensitive G proteins could be facilitated in HT cell lines. The findings reported here argue against an overexpression of G proteins in HT cell lines, since immunoblotting and ADP-ribosylation studies yielded no evidence for increased amounts of Gi-type G proteins. In addition, the unstimulated binding of GTPyS to membranes and permeabilized cells was virtually identical in NT and HT cell lines. Although the exact identity of the labeled G proteins remains to be determined, earlier studies strongly suggest that this method primarily quantifies the amounts of Gi-type G proteins. First, these G proteins are generally most abundant (31, 32) , and, second, Ga-type G proteins most easily exchange bound GDP against GTP in the unstimulated state when compared with other heterotrimeric as well as low molecular weight G proteins (19) . Studies on human platelets have ruled out an overexpression of Gi proteins in hypertensive patients (33) . Therefore, other reasons may account for the enhanced G protein activation in HT cells. These could include structural changes in PTX-sensitive heterotrimeric G protein subunits which enhance their activation by agonistactivated receptors. Alternatively, PTX-sensitive G proteins or a subset thereof present in HT cells could be differentially regulated, e.g., by phosphorylation (34) . These possibilities are currently under investigation.
In conclusion, we have established immortalized HT cell lines which differ from their NT counterparts by an enhanced NHE activity and, most notably, by an enhanced proliferation. The data of this study suggest that the molecular reason for these cellular abnormalities could stem from an enhanced activation of PTX-sensitive G proteins. Future studies will have to identify the G protein(s) involved and resolve the mechanisms which cause the enhanced G protein activation.
